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Sec. III. The Surface Tension Sericin Sol. 


(1910) and Zlobicki observed that solutions many 
hydrophilic colloids (egg white, ovoglobulin, starch, gum arabic) have 
lower surface tension than pure water. The surface tension normal 
blood serum lower than that pure water, and reasonable assume 
that the decrease surface tension water mostly caused the 
proteins. 


The experimental materials and the method are the same described 
the previous section. 


(1) Variation Surface Tension with Temperature. Fano and 
(1907) observed that the surface tension the blood serum any 
animal increases with fall temperature, seen with water and with 
any other solution. measured the surface tension sericin sol with 
tensiometer various temperatures. The results are shown 
Table and Fig. 


Table 15. 


Surface tension 
sericin sol (good 


Continued from 221 this volume. 
(11) Iscovesco, Compt. rend. soc. biol., (1910), 491, 537, 566, 622. 
(12) Fano and Mayer, Arch. fisiol., (1907), 164. 
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The surface tension sericin sol dimi- 
Table 16. nishes linearly with rise temperature until 


about 60°C.. The value sericin sol 


Good Middle| Bad obtained from the cocoon good 

greater than that for sericin sol obtained 

0.304 0.346 0.309 gents the angles inclination surface 

tension-temperature curves are shown 
Table 16. 


The relative lowering surface tension expressed the term 


where and are respectively the surface tension water and 


that sericin sol. Some results obtained are given and 
Fig. 10. 


Table 17. 


Tce values 


Mid. Bad 
(0.304%) (0.347% (0.309% 
0.3005 0.3095 
0.3221 0.3271 
0.3417 0.3419 
0.3941 0.4032 
0.4513 0.4608 
0.4735 0.4687 


can seen that the curve isin three branches. This due the 
fact that below 18°C. sericin exists gel form, above 60°C. sol form, 
and between these temperatures mixture twoforms. This result 
coincident with that obtained the change viscosity with temperature. 

the free energy expressed Gibbs-Helmholz’ equation, sub- 
stituted the surface tension, free energy per unit area, the following 
equation 


the heat energy which necessary form unit area constant 


temperature. 
Differentiating the above equation 


242 
Fig. 10. 
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Therefore, will constant for the true solution. But, for the colloidal 


solution not constant shown Table and Fig. 11. 


Values (good kaijo.’’) 
Fig. 11. 

The curves have maximum near 45°C.. This will 


be*due the variation state sericin particles with temperature. 


the Surface Tension with Time. the solutions 
age, the actively moving submicrons aggregate larger immobile sub- 
microns, the surface-active solutions becoming meanwhile more surface- 
active. Ghosh and found that the surface tension colloidal solu- 
tions changes irregularly with time. three different temperatures 
measured the variation surface tension with time (Table 19.) 


Table 19. 
Surface tension dyne per cm. 
15°C. 40°C. 
56.17 55.36 52.78 50.18 49.70 
55.79 55.04 52.54 49.73 48.83 
55.48 54.60 52.48 55.00 51.60 
120 55.45 54.06 52.29 55.00 52.60 
180 55.35 54.01 52.12 54.65 54.18 


(18) Ghosh and Noth, Phys. Chem., (1932), 1916-1927. 
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40°C., 
variation the variation 


where the greatest 


Good Mid. 
(0.323%) (0.310%) (0.300%) 


surface tension with time also 
44.75 the greatest shown Table 19. 


Variation Surface Tension 


43.45 with Concentration. (1911) 
43.38 drew the general conclusion that pro- 
teins state perfect solution 
lower the surface tension water, 
and that the reduction is, certain extent, proportional their concen- 
trations. From experimental results can seen that the surface 
tension sericin solution diminishes with increasing concentration and 
that has the following relation with concentration 


where ‘is the surface tension sericin sol and and its concentration 
gram per 100c.c.. The results are summarized Table and plotted 
Fig. value constant about 6.7 and varies slightly with 
cocoons. 


(4) Effect Salts, Acids, and Alkalis the Surface Tension. (a) 
Salts. series investigations gelatin solutions, (1908) 
found that the anions, Cl’, and raise the surface tension 
neutral gelatin the order given, while the cations, and 
raise about the same order they increase the surface tension 
water, and that the anions raise the order and Cl’, 
the solution acid. The surface tension neutral solutions raised 


Table 20. 
Surface tension (dyne/cm.) sericin sol (good kaijo.’’) 


(14) Bottazzi, Viscosity and tension suspensions and solutions muscle 
proteins under the influence acid and alkali.” 
Frei, Physical chemistry and veterinary science.”’ 


60°C. 
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Const. (20°C.) 


6.792 
6.783 


Middle 
Fig. 12. 


OH-ions and lowered H-ions. The surface tension protein solu- 
tions may raised the addition electrolytes which can increase the 
degree dispersion the protein. 


The results obtained are collected Table 21. 


Table 21. Influence salt solutions (0.1 N). 


0.0 55.26 57.83 58.91 
0.05 55.89 58.24 57.52 61.82 
0.1 56.21 58.12 57.00 58.12 57.56 62.63 
0.2 55.83 58.44 56.91 57.61 60.62 
0.3 55.64 58.73 56.85 57.21 62.68 
0.5 55.58 58.38 56.34 57.42 60.60 62.30 
0.7 55.70 58.06 55.65 57.17 60.63 62.35 
1.0 55.76 58.00 55.21 56.66 60.3 62.32 


solution the surface ten- 
sion rises maximum and then 
diminishes. (2) thecases 
the surface tension goes decreas- 
ing the amount the electrolyte 
increased. (3) The surface tension 
increases with increasing concentra- 
tion electrolyte like 
etc.. The electrolytes be- 
longing the first class give also 
maximum minium point the 
electrokinetic potential sericin sol 


Good 
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shown later. The surface tension, therefore, have intimate relation 
with the electrokinetic phenomena. 

the maximum lowering value the surface tension sericin 
sol containing salt and the surface tension with salt, the 
difference these two values, shown the Table 22. 


The sericin solution obtained from Table 22. 
cocoons good more 
affected the monovalent cations 
and less the polyvalent cations 
than that obtained from cocoon bad 
tions with sericin solutions, found Middle 
that the cations, and 
raise the surface tension sericin 
the order given low concentrations. 

(b) Acids and Frei noticed that the surface tension 
neutral gelatin solutions raised small amounts hydroxyl-ions 
and depressed hydrogen-ions. The values the surface tension 
sericin various values effected addition various amounts 


| 


0.1 hydrochloric acid given Table 23. 


Table 23. (at 20°C.) 


57.41 
55.12 
54.33 
54.08 
54.62 
55.38 


Fig. 14. 


Fig. shows that the addition the acid first lowers the surface 
tension, and then increases it, and that the addition the alkali gradually 
raises the surface tension. 

The maximum lowering the surface tension the sericin solution 
corresponds the isoelectric point the dissolved sericin, because mole- 
cules are more efficacious than ions lowering the surface tension water. 
can determine the isoelectric point soluble protein measuring 
the surface tension its solution. 


‘3 
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Table The isoelectric point the 
sericin solution obtained from 


lowering more acid side than that 
the sericin solution obtained 


4.30 24). depends, there- 
Bad 4.40 0.081 fore, upon the 


coons and also upon the concen- 

tration the sericin solution. 
The effect sulphuric acid the surface tension the sericin solu- 

tion similar that hydrochloric acid, but the former shows the slower 

change the surface tension with values than the latter. For the 

organic acids, succinic, tartaric, and citric acids, the degree the lowering 

the surface tension, given Table 25. 


Table 25. 
Tartaric acid acid Citric acid 
Good 72.2 88.2 87.8 
Middle 89.1 126-5 112.4 
Bad 104.3 143.3 133.2 


The effects these acids are remarkable the case the sericin 
solution obtained from cocoons bad The effects fatty acids 


the surface tension sericin obtained from outer layer cocoons 
are shown Table and Fig. 15. 


Table 26. (Conc. 0.07%). 


acid added acid aci acid 
0.3 54.26 48.42 
0.5 55.15 52.65 46.00 


; 
] 
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showed that capillary-active organic substances lower the 
surface tension increasing degree the length the carbon chain 
increases the homologous series. This regular change the surface 
tension can seen Table 26. 

the addition alkali like 0.1N NH,OH, NaOH, the surface 
tension the sericin solution increases maximum certain alkali 
concentration shown Table 27. 


Table 27. 


Variation surface tension with alkali concentration. 


| ] 
dyne 


0.0 


56.70 


0.05 58.63 7.39 61.55 9.29 
0.1 58.81 8.72 62.01 10.59 


0.2 59.70 10,21 61.86 
0.3 


the isoelectric point the sericin solution becomes most turbid and 
upon the addition sodium hydroxide the dispersed phase passes gradually 
into state solution and the same time the solution turns yellow. 


Sec. 1V. The Probable Dimension the Sericin Particle 
the Surface the Sericin Solution. 


(1925) presumed that the time drop the surface 
tension solution was due the variation arrangement dispersed 
particles the surface and calculated the probable dimension mole- 
cules from the relation between the maximum position time drop the 
surface tension and the space property protein molecules. considers 
that high concentrations the protein molecules aggregate irregularly 
the surface the solution and exert only part their polar groups 
lower the surface tension and low concentrations they free space 
(gap) between them and move freely through the surface. When the pro- 
tein molecules closely contact with together adequate concentra- 
tion, the time drop the surface tension will strong. this con- 


(16) Traube, Ber., (1884), 2294; prakt. Chem., (1886), 292. 
(17) Noiiy, Biol. Chem., (1925), 595-613. 
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sideration found that egg albumin formed monomolecular film the 
surface the solution. Hervik also showed that serum 
albumin existed similar condition. 

Two c.c. sericin solution various concentrations were poured into 
watch-glasses the same radius curvature and the surface tensions 
were measured with Noiiy’s tensiometer immediately and after two 
hours room temperature. Table expresses the difference the 
rotation angle the tensiometer. 


Table 28. Good 


Time drop Time drop 
Cone. (%) later) Cone. (%) hours later) 
0.52 —0.4 0.392 
0.052 0.1 0.0392 0.0 
0.0052 4.3 0.00392 5.8 
0.00104 6.0 0.000784 6.1 
0.00052 4.3 0.000392 4.0 
0.000052 3.0 0.0000392 0.1 
0.0000052 0.00000392 2.7 


The concentration sericin corresponding the maximum time drop 
surface tension are shown Table 29. 


Table 29. Table 30. 

(%) drop. (%) (g.) cone. (%) layer (A. U.) 

0.34 0.001133 0.34 69.5 
0.22 0.00110 2.20 0.22 56.4 

0.214 0.00107 2.14 0.214 57.9 


the sericin particles aggregate throughout the surface (between 
air and the solution, and between solution and the glass surface), the 


sericin contained the surface and the total area the surface the 
solution and equals this case. The probable dimension 
sericin particles therefore, where the specific gravity 


sericin. 


(18) Hervik, Kolloid-Z., (1931), 1-7. 


| 
| ; 
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The width sericin layer calculated from the above assumption are 
shown Table 30. 

The probable dimension the sericin layer the surface the sericin 
solution corresponds average 57.2 for sericin obtained from 


Sec. The Dispersity Sericin Particles the Aqueous Solution. 


The sericin solution poly-dispersed system sericin particles, 
the rates diffusion may vary within wide limits. The sericin solutions 
obtained from cocoons various are different viscosity, coagu- 
lation electrolytes, Tyndall’s phenomena. This may partly due 
the difference size sericin particles. 

1929 Northrop and gave method for the 
determination diffusion constants the case substances which cannot 
obtained pure solution. The diffusion constant, defined the 
quantity material that diffuses across plane unit dimensions unit 
time under unit concentration gradient. The speed diffusion governed 
the law Fick, which expressed the equation: 


dQ=DS 


where the quantity which passes across the plane area time 
under concentration gradient The solute diffuses from con- 


centration concentration zero (pure solution) and the volume 
these solutions relatively large and the experiment carried fora 
short time, the concentration may remain practically constant. Let the 
effective area the pores the effective length and the quantity 
diffusing time then above equation becomes simply 


where the number the concentrated solution that contains 
the amount the substance diffused, and order obtain 
the value constant necessary standardize the apparatus with 
hydrochloric acid solution the diffusion coefficient which known. 


(19) Northrop and Anson, General Physiol., (1929), 543. 
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After this constant has been determined for definite membrane 
may used determine the diffusion coefficient sericin particles. 

The apparatus was similar that used Northrop and Anson except 
that the diffusion membrane used was hard filter paper (Carl Schleicher 
and No. 597). The cell contained c.c. and the outside liquid, pure 
water, was The cell was filled with the sericin solution and rinsed 
with water. The diffusion was allowed continue until the desired amount 
has passed through the membrane 

The amount sericin diffused into the outside liquid definite time 
was determined method. 


Exp.1 (equivalent c.c.) Exp.2 
t=15 hours No.1 2.85 

mean mean 

No. 2.97 No.2 2.83 

2.87 
No.3 2.79 29.4 


Total average 2.88 c.c. 


Therefore, the diffusion coefficient 


day 


According Einstein the diffusion coefficient related the radius the 
molecule, the following equation: 


where the gas constant erg/deg. mole, Avogadro’s constant, 
the viscosity water 18°C., and absolute temperature. 


The molecular weight the sericin particle may calculated from 
the radius the following equation provided the gravity, 
known: 


| | 


Kaneko. 


(if the particle spherical), 


From this results can presume that readily diffusible sericin particles are 
molecular colloids. 

the optical method showed that the hydrophilic 
colloids like starch, gum arabic, etc. have anomalously large diffusion 
velocity and that the radius nearly equal that molecularly 
dispersed substance. The relations between the concentration the 
sericin solution and the diffusion coefficient thus are shown 
Table 31. 


Table 31. 


2.05 0.0882 2.009 29440.57 
0.294 2.58 0.1110 1.596 14774.19 
0.266 2.85 0.1228 1.444 
0.198 2.88 0.1239 1.430 10618.91 
0.142 3.05 0.1400 1.266 7366.62 


low concentrations the size sericin particles increases with increas- 
ing concentration and above 0.5 per cent. the rate increase becomes very 
small. the case the same concentration sericin particles obtained 
from cocoons good are larger than those obtained from cocoons 
bad 


Table 32. 


0.388 0.6973 
0.294 0.4653 1.566 
0.266 0.3678 1.38) 
0.198 0.3572 
| | 


Fig. 16. 


The logarithm the radius sericin particles approximately pro- 
portional the concentration. (Table and Fig. 16.) 


(20) H.R. Bruins, Kolloid-Z., (1931), 265; ibid. (1931), 152. 
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shown later the radius sericin particles proportional the 
specific conductivity low concentration (Table 33.) 

The calculated weight micel- 
Table 33. similarly prepared solutions 


varies with the concentration and 
0.3 per cent Solution the mean 
0.40 1.786 0.530 weight about 15000 for 
0.266 1.423 0.368 0.259 
0.22 1.351 0.330 0.244 kaijo. 
0.15 1.189 0.251 
0-132 1.189 0.250 Effect Acid and Alkali. 


well known that the micellar size 
protein particles varies with the value the solution. Then, the 
diffusion coefficient sericin must decrease addition small amounts 
acid and increase addition alkali. The experimental results are 
given Table 34. 


Table 34. (good kaijo,’’ 18°C.) 


HCl 
NaOH 


1.963 27453.60 


Original solution 
| 


6.02 


Sec. VI. The Optical Properties 


proportional its viscosity, and depends 
the concentration, hydration, the form and size sericin particles, 
And the same concentration the refractive index sericin sol obtained 
from the cocoons good greater than that sericin sol 


(21) von Dusée, Biochem. Z., 230 (1931), 373, 244 (1932), 382. 


Table 35. 
the Sericin Solution. 
Relative Refractive 
viscosity index (1) The Refractive Index the 
sured optically the concentration pro- 
1.18 teins the function refractive index. 
1.129 1.34796 1.19 
1.121 1.20 found that low concentrations the 
1.109 refractive index the sericin solution 


| 


254 Kaneko. [Vol. 


obtained from the cocoons bad The relation between the 
relative viscosity and the refractive index shown Table 35. 


(2) The Optical Activity the Sericin Solution. Sericin solutions are 
levorotatory. observed that both sericin and fibroin, two con- 
stituents silk, were levogyrate and their rotatory powers were about 
equal and approximately —35°. 

These value were obtained with 
Sericin the solution sericin per cent. 
From Japanese cocoons NaOH, but such alkaline 
From Chinese cocoons solution the optical activity seri- 
From Tonking cocoons cin may reduced the case 
was observed that the specific rotation sericin dissolved 
0.3 per cent. NaOH solution average about —80°. measured the 
rotatory power the sericin solution with Landolt’s polarimeter under 
the light the sodium flame and the experimental materials were the 


No. No. (1930) good 
No. 107 No. 101 middle 
No. 110 No. 103 (1930) bad 


(a) Variation Optical Activity with Concentration. The specific 
rotation sericin not constant, but varies with concentration (Table 
36). This may due the variation aggregation sericin 


Table 36. 
(22) Vignon, Compt. 103, 802. 
(23) Watanabe, Sakurakai, Japan, December, 1929. 


-102.20 
95.82 
93.50 
91.72 
89.10 
88.71 


= 
ot 
| 
| 
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shown Table 36, the specific rotation sericin levorotatory 
and diminishes with increasing concentration. The sericin solution obtained 
from the cocoon good shows greater specific rotation than that 
obtained from the cocoon bad kaijo’’ the same concentration. 

The optical activity the sericin solution dialyzed for hours 
running water approximately equal that the sericin solution not 
dialyzed. 


Table 37. Table 38. 


Vol. Good Mid. 
added (0.18%) (0.15%) (0.11%) 


Good (0.21%) Mid. Bad 


98.71 
94.62 
69.05 
52.24 
61.12 
73.10 
101.50 
101.68 


141.67 154.80 171.18 


(b) Effect Acid and Alkali Optical Activity. Under the in- 
fluence hydrogen-ions the rotation sericin decreases and shows 
minimum value the isoelectric point sericin. 


(i) Hydrochloric acid (0.01 the 0.2 per cent. sericin solution 
the isoelectric point corresponds approximately 4.20. With sulphuric 
acid and oxalic acid the same phenomena can seen. 


(ii) Sodium hydroxide (0.1%). can seen that addition 
alkali the sericin solution the rotatory power increases maximum 
and then diminishes. The maximum value corresponds nearly the 
neutral point the solution. The effect alkali the optical activity 
sericin the greatest for the sericin solution obtained from the cocoon 
good (Table 38). 


(c) Effect Salts the Optical Activity. The asymmetry the 
sericin micellz may vary with concentration, with different 
the and addition electrolytes. The rotation sericin in- 
creases the hydration raised, for example, the addition alkali 
salts with pronounced lyotropic action. 


Kaneko. 


Table 39. 


93.54 90.67 89.81 105.00 98.43 
0.05 100.33 135.80 99.81 97.71 140.67 
0.3 103.54 126.80 111.56 127.13 134.69 
0.5 88.54 151.00 98.52 134.50 


salt solutions 0.1 per cent.) 


The specific rotation the solution attains maximum increasing the 
amount the salt, the effect Rochelle salt being the strongest (Table 39). 
Potassium bitartrate, glycocoll, etc. affect also strongly the rotation. 


Sec. VII. The Electric Conductivity the Sericin Solution. 


Proteins differ from ordinary electrolytes having large cumbersome 
ion which may arise from several aggregated molucules. According the 
investigation Whitney and Blake (1904) the specific conductivity 
mho for 0.2 per cent. gelatin sol. Although the protein solution 
purified dialysis, the state aggregation sericin changes 
the same time and the variation its electric conductivity may caused 
this treatment. For this reason, employed the non-dialyzed sericin solu- 
tion for measurement its electric conductivity. The electric conductivity 
was measured Kohlrausch’s method and the cell constant was 0.1578. 


(1) Variation Specific Electric Conductivity with Concentration. 
The experimental results are shown Table and Fig. 17. 


Table 40. 


Cone. Sp. cond. Cone. Sp. cond. Cone. Sp. cond. 
0.800 0.6326 0.771 0.6481 0.6502 
0.5955 0.548 0.6340 0.580 0.6341 
0.508 0.5718 0.538 0.532 0.6251 
0.480 0.5636 0.480 0.6014 0.470 0.6056 
0.427 0.5091 0.5641 0.5537 
0.412 0.4931 0.380 0.5349 0.374 0.6232 
0.370 0.4265 0.360 0.4849 0.335 0.4622 
0.300 0.3981 9.320 0.4157 
0.3564 0.000 0.3564 


| 
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solutions prepared 
boiling the cocoon layer with 
water very smal! amount 
electrolytes impurities and 
combined form, specific elec- 
tric conductivity has remarkably 
high value. The degree aggre- 
gation sericin micellz and the 
amount electrolytes present 
may vary with increasing con- Fig. 17. 

tivity will increase with increasing concentration. But, the rate 


variation, the greatest near the concentration 0.35 per cent. 


The specific electric conductivity the sericin solution linear function 
the logarithm the concentration, shown the following formula: 


where constant but varies with kaijo’’ the cocoon. The value 
constant for the sericin solution obtained 
from the cocoon good larger 


than that for the sericin solution obtained 

Middle already found the same relation 

Bad 


solution. 


Variation Electric Conductivity with Temperature. The colloidal 
state and adsorption capacity sericin are affected the varia- 
tion temperature. raising temperature sericin particles transform 
gradually from gel state into sol state and the adsorption capacity dimi- 
nishes. the electric conductivity the sericin colloid increases with rise 
temperature (Table 41). 


Table 41. Sp. elec. conductivity various temperatures. 


20°C. 


0°C. 


0-580 0.4439 0.548 0.8125 
0.386 0.3507 0.380 0.364 
0.200 0.2700 0.281 0.3857 0.200 


: 
- 
40°C. 
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When potassium chloride added the sericin solution, the electric 
conductivity has maximum and then diminishes with increasing concentra- 
tion the salt and the effect the salt the greatest for bad 


(3) Variation Electric Conductivity with Time. The specific elec- 
tric conductivity the sericin solution varies irregularly with time and 
diminishes during about two hours and then gradually increases. The 
minimum point corresponds approximately maximum point viscosity 
varying with time (Table 42). 


Table 42. The variation with time. 


04 

0.5883 0.6363 0.5537 
0.6069 0.6641 0.5845 
0.5845 0.6117 0.5396 
0.5636 0.5845 0.5095 
0.5260 0.5537 0.4856 
0.5091 0.5296 0.4891 
120 0.4931 0.5296 0.5179 
150 0.5349 0.5380 0.5759 


180 0.5618 0.5537 0.6117 


The conductivity increases under the same condition the number 
ions. This variation may due the change the number ions and 
also surface property sericin 


(4) Effect Acid and Alkali Electric Conductivity. probable 
that the conductivity the protein due mostly combined adsorbed 
salts. acid gradually added sericin solution, the volume 
the solution being kept constant, and the electric conductivity deter- 
mined after each addition, found that gradually diminishes, until 
certain minimum reached, and then gradually increases (Table 43). 


Table 43. The influence 0.1 
the elec. 


00 400%) | + We 0 70) 
0.05 0.6116 0.5603 0.5641 
0.5 0.6861 0.7670 0.8267 
1.0 1.1718 1.5968 1.6306 
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The minimum point the electric conductivity approximately 
4.10 which corresponds the isoelectric point sericin. Comparing with 
the variation electric conductivity addition acid the greatest 
for the sericin solution obtained from the cocoon bad 

base gradually added the sericin sol, the electric conductivity 
increases. The effect alkali the conductivity also the greatest for 
the sericin solution bad This may due the difference 
buffer activity sericin solutions. The buffer activity sericin will 
given later. 


(5) Effect Salts and Pupa the Electric Conductivity. 


Table 44. 


The influence salts elec. conductivity 


0.05 0.8646 0.3835 0.4221 0.3536 0.5262 
0.3 0.4802 0.5845 0.4561 0.5636 
0.5 0.5874 0.9662 0.5014 0.8051 0.5741 0.6467 
0.7 0.6865 1.0562 0.7259 0.7239 


salt solutions 0.1 M.) 


(a) Salts. the low concentration 
salts the changes the electric con- 
ductivity sericin solutions are shown 


and which affect remarkably the 

surface tension and viscosity, give 

stronger effect the electric conductivity 
than other salts. Fig. 19. 


(b) Pupa. solution prepared boiling cocoons containing 
the pupa with water has very high value electric conductivity. the 
electric conductivity only due the presence sericin salt and its 
micellar weight 12000 for per cent. solution, the degree 
dissociation calculated given Table 45. 


Sameshima and Hiramatsu. 


Table 45. 


Equivalent Degree 
cond. dissoc. 
Ay Ay / Aco 


3200 1344 0.54 
4000 1592 0.64 
5200 1695 0.68 
6000 1848 0.74 

2500 


Cone. (%) 


Dilution 


the dilute sericin solution the degree dissociation corresponds 
about 0.60. was already noticed that the degree dissociation 
sodium caseinate 0.787 0.355 per cent. solution. 


(To continued). 


THE FUSION CURVES THE SYSTEMS 
AND 


Jitsusaburo SAMESHIMA and Tatsuichi HIRAMATSU. 
Received May 2nd, 1934. Published June 28th, 1934. 


The fusion curves the systems between bromine and organic liquids 
were determined Maass and the present paper the 
results measurements the freezing points the systems 
and well are reported. 


The pure samples bromine, chloroform, and carbon tetrachloride 
from Merck were used. The carbon tetrachloride was further purified 
and the chloroform shaking with sulphuric acid and then 
with potassium dichromate solution. The temperatures were measured 
pentane thermometer bearing the correction table from Physikalisch- 
Technische Reichsanstalt. About grams the liquid were taken 
each measurement, and the temperature were recorded every seconds. 
The freezing point was determined means the cooling curve thus 
drawn. The results are shown Tables and These data are 


(1) Maass and McIntosh, Am. Chem. Soc., (1912), 1273. 


| 

0.37 4.20 
0.30 3.98 
3.26 

0.16 3.08 
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Table 


{ 
0.00 28.26 
—35.0 
—32.7 
—27.8 
—23.5 


—18.8 
—12.0 


7.3 
Mole Br, 
Fig. 


—38.5 
—32.1 
—30.0 28.1 
—36.4 25.0 
—42.0 —22.1 
—44.6 —20.0 
—47.6 —15.2 
—45.8 —10.6 
—40.8 7.3 


Temperature. 


Temperature 


Table 


59.13 —86.9 
60.51 —86.4 
62.24 
65.25 —83.0 
67.84 
76.61 
80.34 
85.58 


100.00 Fig. 


Temperature. 


Te 
0.00 
1.10 
14.30 
16.31 
19.48 
20.37 
21.40 
23.67 
26.25 
36.62 
41.57 
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see, from these figures, that there compound the systems 
and the system however, there 
one compound its melting point being 


Table 
(Int. Crit. Tab.) 
100 
12.5 
24.4 
35.6 
46.2 
56.3 —81.0 
49.4 56.9 —81.4 (Eutectic pt.) 
68.8 
83.7 
100.0 


The freezing points the system measured Kanolt® 
are given the Critical The data are shown 
Table and crosses Fig. 

The freezing point carbon tetrachloride has recently been found 
—22.87°C. Johnston and which coincides with our value 
—22.9°C., but differs considerably from Kanolt’s value —23.4°C. 


Chemical Institute, Faculty Science, 
Tokyo Imperial University. 


(2) International Critical Tables, Vol. (1928), 98. 
(3) Johnston and Long, Am. Chem. Soc., (1934), 31. 
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MICRO-METHOD FOR THE DETERMINATION DISUL- 
PHIDE-AND 


Hideo TOYODA, 
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Introduction. 


Biochemistry sulphur has been paid much attention various 
workers. And methods for the determination sulfhydryl 
(R—SH) and compounds have been proposed. 
However, well known, every one these methods subject its 
own disaivantage, and none can accepted entirely dependable. 

well known that sulphur plays important réle its variously 
combined forms such (—SH), sulfinate 


(—S—OH), sulfoxide and sulphone groups, the field 


physiology living tissue, especially the process proliferative growth 
mechanism. Therefore, order carry out further investigation this 
problem the realm biochemistry, there acute necessity estab- 
lishing dependable method for the determination (R—SH) 
compounds and their oxidation products, the disulphides that 
will give accurate results. 

1929, St. Lorant® published his investigation micro-colori- 
metric method for the determination hydrogen sulphide. Lorant’s 
method based upon Caro’s methylene blue reaction. 

order find out applicability this principle methylene blue 
reaction for the determination and compounds, 
and also establish new method thereby, the following experiments 
were carried out. was found that dimethyl-p-phenylenediamine hydro- 
chloride gave distinct blue colour quite identical with that methylene 
blue, with sulfhydryl compounds acid solution proper concentration 
presence ferric ammonium sulphate. The experimental results proved 


(1) Read before the Monthly Meeting the Chemical Society Japan, March 10, 
Observation the new colour reaction compounds, and 

4), 

(2) St. Lorant. Uber eine neue colorimetrische Mikro-methode zur Bestimmung 
des Schwefels Sulfiden, Sulfaten u.s.w.”, physiol. Chem., 185 (1929), 


1934] 263 


264 Toyoda. [Vol. 


that the new method available for the micro-determination and 
i.e. cystine, cysteine, glutathione and thiocresol blood, 

tissue, urine, and other biological substances. Tyrosine, tryptophane, uric 
acid, creatin and acetone not interfere the test. 


Experimental. 


Reagents. (1) Dimethyl-p-phenylenediamine hydrochloride solution. 
Half gram dimethyl-p-phenylenediamine hydrochloride (Merck) was 
placed flask together with 100 distilled water, 
and concentrated sulphuric acid (sp. 1.84) was added directly, 
the temperature being kept low. Then, the mixture was diluted the 
mark with distilled water also under cooling. 


ammonium sulphate solution. Twenty-five grams ferric 
ammonium sulphate (Merck) was dissolved with concentrated 
acid (sp. 1.84) volumetric flask, and diluted the 
mark with distilled water. 


(3) Cystine solution. 1/2000 Molar solution cystine was prepared 
1000 with sulphur-free water. this solution contained 
0.12 mg. cystine. 


(4) Methylene blue solution. volumetric flask, 0.032 
and then the whole was diluted the mark with distilled water. 


(5) Normal HCl. The solution was standardized against the normal 
NaOH. 


(6) Preparation sulphur-free water. The ordinary distilled water 
was made little alkaline, and then distilled over potassium permanganate. 


Procedure. The different amounts the cystine solution known 
concentration were placed graduated cylinders. Then, about 
mg. pure metallic powder was introduced into each cylinder, and 
exactly the HCl was added. Immediately after the was 
added, dimethyl-p-phenylenediamine hydrochloride solution was 
introduced slowly into each cylinder. Finally, ferric ammonium 
sulfate was added with care. 


The resulting solutions were diluted 20, 25, and with distilled 
water, according the concentration cystine, for the colorimetric read- 
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ings. The cylinders were well stoppered and set aside room temperature 
for, least, twelve hours before taking colorimetric readings. 

The standard for the colorimetric readings was prepared with the 
cystine solution known concentration. For this purpose 0.30 mg. 
0.60 mg. was found convenient concentration. 


The Study Establishing Proper Acidity Test Solution. Since con- 
centration hydrochloric acid had much influence the development 
colour, study was made determine the concentration that would give 
maximum intensity. series experiments, using acid 
varied concentrations, were carried out. Into two series cylinders, 
0.60 mg. and 1.20 mg. cystine were introduced respectively, and 0.10, 
0.15, 0.20, 0.25, 0.30, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 
0.80, 0.85, 0.90, 0.95, and 1.00 the normal HCl were added them 


Table 

0.15 1.111 1.064 
0.20 1.124 1.130 
0.25 1.176 1.298 
0.30 1.197 1.309 
0.35 1.285 1.316 

0.40 1.266 1.333 
0.45 1.724 1.504 
0.50 1.923 1.739 
0.55 1.639 1.562 
0.60 1.538 1.351 
0.65 1.481 1.333 
0.70 1.428 1.290 
0.75 1.280 
0.80 1.124 1.227 
0.85 1.099 1.111 

0.95 1.010 1.075 
1.00 0.990 1.053 


(A) Series. 0.60 mg. cystine was used. Dilution volume----20 c.c. 
The cylinder No. was used standard, set mm. 
(B) Series. 1.20 mg. cystine was used. Dilution c.c. 
The cylinder No. was used standard, set mm. 
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the order the cylinders, other conditions being exactly the same 
described procedure. end 12, and hours, the colour 
intensity each solution was studied, having cylinder No. the 
standard. The average values from number experiments are listed 
From these figures, was obvious that the colour intensity 
varied with the different concentrations hydrochloric acid, and 
developed best its intensity and shade when 0.50 c.c. the normal HCl 
was added. 


The Study Colour Intensity with Varied Concentrations Cystine. 
order prove the proportionality the colour intensity with the con- 
centration cystine, the following experiments were carried out. Into 
series cylinders, different amounts cystine were introduced, and they 
were treated according the method described procedure. The figures 
are listed Tables and the tables the experimental, and also the 
theoretical, ratios the colour intensity are listed. The ratios obtained 
the actual colorimetric comparison are listed the column, Value 
mg. weight cystine used 
mg. weight cystine used St. 
the standard for Table 0.36 mg. cystine was used, and 1.32 mg. 
cystine was used the standard for Table both series, the standards 
were set mm. for the colorimetric readings. The volumes the 
final dilution with distilled water were and for Tables and 
respectively. 

From the figures the tables, was shown that there was direct 
proportionality between the colour intensity and the concentration cystine. 
Figs. and were plotted the basis Tables and respectively. 


The theoretical ratio means the value 


Table Intensity the colour with varied 

concentrations cystine. 
Weight 

1.20 3.33 3.33 


0.12 0.24 0.36 6.48 0.72 0.84 0.96 108 120 


Standard—0.36 mg. cystine set Concentration cystine mg. 
20mm. Dilution (see Table 2). 
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Intensity the colour with varied concentrations cystine. 


Standard—1.32 mg. cystine set mm. the colorimeter. Volume 
the final dilution----50 c.c. 


Bes 


Value 20/R. 


1.20 mg. 1.32 1“ 156 1.68 1.80 1.92 204 216 223 2.52 
Concentration cystine mg. Fig. Table 3). 


Table Study Colour Intensity and its Re- 

Time. order find the time 

number experiments were carried out. 

the basis average values obtained, 

the different time intervals, Fig. was 

drawn. For obtaining colorimetric readings, 

the present author used the stock methylene 

blue solution the standard, treating 

exactly same the cystine solution. 

was seen from the Fig. the reaction the 

colour development was obviously slow, and 
quite gradual. 

The results the further investigations 

the colour reaction will reported 


separate paper. 


Standard—1.32 mg. cystine set 
20mm. Dilution 


Relation between colour intensity and time intervals. 
(A) 0.60 mg. (B) 1.20 mg. 
Dilution c.c. for both series. Methylene blue solution was used 
the standard. Standard was set mm.on the colorimeter. 


Value 20/R. 


Time intervals minutes. 


2.64 2.76 
= 
.00 
737 “a7 A 


4 

Summary. 

new micro-method for the determination (Cystine) 

and (Cysteine) based the fact that 
hydrochloride gives distinct methylene blue colour with 

compounds when the proper concentration acid and ferric 

ammonium sulphate are used. The colour thus obtained permanent. 

The advantages this method are ease determination, lack 

interfering substances under normal biological conditions, and relative 

The author appreciates the advice and helpful criticism Dr. 

Shinohara the Research Institute the Lankenau Hospital, Phila- 

delphia. 


New York Post Graduate Medical School and Hospital, 
Columbia University, 
New York, 


(3) The water extract yeast gave certain colour reaction the test, and 
suggested that vitamin the yeast might have contained sulphur, which chemical 
property somewhat similar that R-SH R-S-S-R compounds, its complex 
chemical body. 
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